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INTRODUCTION 

A cooperative research on super 
long distance space telerobotics is 
now in progress both in Japan and 
USA (1). 

In this program, several key features 
will be tested, which can be applica- 
ble to the control of space robots as 
well as to terrestrial robots, local 
(control) and remote (work) sites will 
be shared between Electrotechnical 
Lab. (ETL) of MITI in Japan and Jet 
Propulsion Lab. (JPL) in USA. The det- 
ails of a test bed for this internat- 
ional program are discussed in this 
report. 

TASK ANALYSIS 

Task Decomposition 

A space structure, which is 
supposed to be a part of a large 
solar power station, will be 
assembled with the telerobotics. 

The assembly work has been decomposed 
into several tasks, ie. 

(1) Deployment of the truss struct- 
ure. 

(2) Installation of an ORU (Orbital 
Replaceable Unit) . 

(3) Deployment of a solar cell pan- 
el . 

(4) Installation of a wire harness. 


1 ■ Teaching Points 


Solon Cell Panel 
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• Truss Deployment 


3 • ORU Deployment 





Fig. 1 Task Sequence 


Each task is split into small 
events such as shown is Fig. 1 
The time required for each event has 
been also evaluated. 
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Fig. 2 Concept of the Remote Site in Japan 


Off-Line Task Validation by the 
Graphics Simulator 

To perform the teleoperation under 
the constraints of time-delay and li- 
mited capacity in a communication li- 
ne. all the task sequence will be ve- 
rified using the off-line graphics si- 
mulator (Fig. 2), before the execution 
of the tasks. The simulator will be 
operated based on a world model of the 
remote site stored and maintained in 
the knowledge base. 


TELEROBOT 1C CONTROL STRATEGY FOR 
SPACE STRUCTURE ASSEMBLY 

The control strategy in the system 
is embedded in three different 
blocks of programs, namely, 

(1) An intelligent monitoring syst- 
tem to control the viewing sch- 
eme (2) . 

(2) A knowledge base as object ori- 
ented programs to perform requ- 
ired tasks, 

(3) A cooperative control system to 
cope with the teleoperation of 
a robot. 

The knowledge base is the key elem- 
ent of this system, and the object 
oriented programs contain data of the 
work site and define procedures nece- 
ssary to perform tasks. It accepts 
task commands described as message to 
an object model from an operator, and 
generates motions for both the robot 
and cameras. Those generated motions 
can be displayed on the graphics sim- 
ulator for the confimation of the 
task. 


Generated motion for the robot is 
sent to the cooperative control syst- 
em on the remote site. It achieves 
the servo control of the robot. It 
also accepts a direct motion control 
command from the operator, generated 
by a master-manipulator, a joystick 
or other commanding devices. The 
basic flow of the software is shown 
Fig. 3 
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Fig. 3 Software Basic Flow 


DESIGN OF TESTBED 

System Architecture 

A schematic diagram of the system 
is shown in Fig. 4, The system is spl- 
it into two parts, one for a remote 
site which includes the manipulator 
and the various sensors, and the other 
for a local site which includes vari- 
ous computers and control software 
(Fig. 5). Most communication lines 
are connected through the Ethernet, 
and the time delay can be introduced 
in the image and command lines. 
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Ethernet 
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Fig. 5 System Architecture 
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Robot Friendly Truss Structure; 

A two-cell truss structure has 
been designed and manufactured, 
with a simple and passive latch in 
each cell. This latch can be easily 
released by the remotely operated 
robot, and can be tailored for a 
robot assembled truss structure. 
This truss has provisions for the 
installation of an ORU and the dep- 
loyment of a solar panel, and is 
supposed to be a part of the main 
structure for a solar power genera- 
tion system. 

Description of Hardware 

The following hardware other th- 
an the truss structure has been ma- 
nufactured and prepared; 

(1) An industrial robot with a hand 
eye camera, a force-torque sen- 
sor and a three-finger hand. 

(2) A robot controller with a hybr- 
id compliance-force control ca- 
pability. 

(3) Two TV monitors with image pro- 
cessing capability. 

(4) Two workstations with graphics 
capability. 

The prepared testbed for the 
teleoperation experiment is shown 
in Fig. 6. 



Fig. 6 Testbed for Teleoperation 


structure placed in Japan, which 
will be controlled from the local 
site in JPL, and the second set of the 
experiment (3) will be performed in 
the year after the next. 

Once the performance of the system is 
verified, successive tasks will be 
planned to prepare for the future ap- 
plication of this technology in space, 
particularly for the deployment and 
assembly of a solar power generation 
system in space. 
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FUTURE WORKS AND CONCLUSIONS 

This telerobotics testbed will 
be completed by the end of this 
year, and various robotic tasks 
will be demonstrated. The first st- 
ep will be the assembly of a space 
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